We present a three-dimensional study of the torque transmitted between tile permanent magnets 2 uniformly magnetized. All this study is based on the Coulombian model. The torque is calculated semi-3 analytically by considering all the surface densities that appear on the tiles. In addition, no simplifying 4 assumptions are done in the expressions given in this paper. Consequently, the evaluation of the torque is 5 very accurate and allows us to show the drawbacks of using tile permanent magnets uniformly magnetized 6 instead of using tile permanent magnets radially magnetized. Such an approach is useful because it allows 7 us to realize easily parametric studies. 
way the torque is transmitted between tile permanent magnets uniformly magnetized. Such a model allows 19 us to realize easily parametric studies and thus to know when the use of tile permanent magnets radially 20 magnetized is necessary or not. Indeed, the angular width has a great influence on the radial field created by 21 a tile permanent magnet uniformly magnetized. As this radial field is not perfectly symmetrical, the torque 22 transmitted is modified. Therefore, the aim of this paper is to determine precisely with a three-dimensional 23 model how the torque transmitted between tiles changes according to the way the tiles are magnetized.
24
Many authors have studied magnetic couplings [1] - [4] and structures using permanent magnets [5]- [10] . 25 Historically, we can say that the first models used to study magnetic couplings were the two-dimensional 26 models [11]- [19] . The main reason lies in the fact that a two-dimensional approach is fully analytical and 27 allows us to make an easy parametric optimization of the permanent magnet dimensions. However, this 28 2D-approach is not valid when we determine the magnetic field far from one magnet [20] .
29
Tree-dimensional approaches seem to be more difficult to realize parametric studies because they are 30 not fully analytical. In fact, the calculation of the radial and axial magnetic field components created by 31 tile permanent magnets is not strictly analytical but is necessary based on special functions [21]- [40] . 32 More generally, all the semi-analytical or analytical approaches used by several authors allow manu-33 facturers to optimize devices using permanent magnets [41]- [48] .
34
This paper presents a semi-analytical approach based on the Coulombian model for calculating pre-
35
cisely the torque transmitted between tile permanent magnets uniformly magnetized. This semi-analytical 36 approach is three-dimensional. We explain in the second section how this problem can be solved. Then,
37
we present a semi-analytical expression of the torque transmitted between two tile permanent magnets 38 uniformly magnetized. Eventually, we present the main drawbacks of tile permanent magnets uniformly 39 magnetized.
40

II. MODELING TILE PERMANENT MAGNETS WITH THE COULOMBIAN MODEL
41
This section presents the geometry studied and the model used for the modeling of the torque transmitted 42 between two tile permanent magnets uniformly magnetized. 
A. Notation and geometry
44
The geometry considered and the related parameters are shown in Fig 1. A two-dimensional repre-45 sentation of the geometry is shown in Fig 2. We consider here two tile permanent magnets uniformly 46 magnetized. The inner radius of the outer tile is r in1 and its outer one is r out1 . Its height is z b − z a and its angular width is θ 2 − θ 1 . The inner radius of the inner tile is r in2 and its outer one is r out2 . Its height as follows:
The magnetic field created by tile permanent magnets can be obtained by using the Coulombian Model.
52
Indeed, a permanent magnet can be represented by a magnetic pole surface density that is located on 53 the faces of the magnet and a magnetic pole volume density that is located inside the magnet. In the the magnet j, the corresponding surface density σ * ij is determined with (3) .
Thus, four faces of the two magnets are charged with a magnetic pole surface density. All the surface 59 density calculations are represented in Table I . The torque transmitted between two tile permanent magnets Coulombian approach, we can write that the azimuthal field created by this tile is expressed as follows:
and
The next step is thus to express the torque transmitted to the second tile permanent magnet uniformly 67 magnetized (as shown in Fig 1) . By using (4), the torque T θ can be determined as follows:
B. Semi-analytical Expression of the Torque
69
The torque transmitted between two tile permanent magnets can be written as follows: , r in1 = 0.025m, r out1 = 0.028m, r in2 = 0.021m, r out2 = 0.024m,
where dT 4, 5 and 6 show that the torque transmitted between two tile permanent magnets radially magnetized
89
does not depend very much on their angular widths whereas it decreases greatly with the increase in the 90 angular width when the tiles are uniformly magnetized.
91
We can also represent this decrease by calculating its rate of loss versus the angular width of tiles (Fig   92   7 ). becomes greater, the choice is certainly more difficult and other considerations must be taken into account.
98
For example, if the first property required in a coupling is really the value of the torque transmitted, the 99 magnetization of the tiles should be radial and not uniform.
100
IV. APPLICATION : ALTERNATE MAGNET STRUCTURES USING TILES RADIALLY OR UNIFORMLY
101
MAGNETIZED
102
We can illustrate the expression established in the previous section by studying the torque transmitted the cost of the magnets must be taken into account. Tiles uniformly magnetized are easier to fabricate than tiles radially magnetized (and thus cheaper...).
122
APPENDIX
123
We give the expressions of the parameters used for calculating the torque transmitted between two 124 tile permanent magnets uniformly magnetized. The torque can be expressed in terms of semi-analytical 125 expressions using one or two numerical integrations or not.
The calculation of the torque expression can be done as follows. Eqs (4) and (7) show four fundamental (r 2 1 + r 2 2 − 2r 1 r 2 cos(θ −θ)
The torque transmitted between two tile permanent magnets could be calculated directly by numerical 137 means with (8). However, the computational cost would be too long. Therefore, we give here four reduced 
